Historical Background
Although the term "proteomics" originated in 1994, the roots of this field are closely entwined with the history of clinical chemistry. The first laboratory test for a protein cancer marker, the Bence Jones protein in urine, was described in 1847. Over the succeeding years, clinical laboratories have developed tests for quantitative and qualitative analysis of hundreds of proteins in biological fluids by use of activity assays, electrophoresis, chromatography, immunoassays, and serologic procedures. There is also a long history of clinical applications of protein electrophoresis, including 50 reports describing applications of 2-dimensional gel electrophoresis in an entire issue of Clinical Chemistry in 1982. For the most part, however, traditional laboratory tests have analyzed one protein at a time. Recent progress in proteomics offers the potential to analyze hundreds of components at a time and to identify proteins and their structural modifications in minuscule specimens. Technologic advances have greatly expanded possibilities in the diagnostic analysis of proteins.
Complexity of the Proteome and Peptidome
The complexity of protein and peptide mixtures in biological fluids such as serum or plasma currently far exceeds the ability to separate different components (1) (2) (3) . The highest resolution techniques for analysis of proteins can separate a maximum of a few thousand components. There are an estimated 25 000 genes in the human genome, and each gene can yield multiple protein products because of variable splicing and posttranslational processing. Attempts to analyze the maximum number of protein components, therefore, increasingly rely on multidimensional chromatography or other approaches using multiple fractionation steps (1) (2) (3) (4) (5) (6) (7) (8) .
Proteomic approaches traditionally have been divided into top-down and bottom-up approaches, with some of the characteristics of these approaches listed in Table 1 . Both approaches rely heavily on recent advances in mass spectrometry (MS) 5 (9 ) . The top-down approaches try to separate as many intact proteins as possible by techniques such as 2-dimensional gel electrophoresis, matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS, and surface-enhanced laser desorption/ionization (SELDI)-TOF MS. Increased numbers of components are being detected through increasingly complex fractionation of specimens before the final analysis and by increasing the number of dimensions (fractionation steps) (8 ) . Bottom-up approaches start by breaking proteins into small peptides, such as by trypsin digestion. The resulting peptides then are fractionated by chromatographic techniques and analyzed by MS.
Top-down and bottom-up approaches each have advantages and disadvantages. Top-down approaches provide information about the variation, relative quantities, and structures of the proteins that is lacking in the analysis of individual peptides in the bottom-up approach. As an example, analysis of plasma proteins by 2-dimensional gel electrophoresis will yield multiple spots for most proteins, representing variable glycosylation, proteolytic degradation, or other posttranslational modifications, and spot intensities and positions provide information about abundance, molecular size, and isoelectric point. Bottom-up approaches exploit the higher chromatographic and mass spectrometric resolution achieved for small peptides than for large proteins, and the sequences of small peptides can be determined in a very high throughput fashion during analysis of peptides by this approach. Usually, this has enabled the sequence identification of a larger number of proteins than by the top-down approach, but the bottom-up approach does not identify what molecular form of the parent protein served as the source of the peptide. Sequence analysis by the top-down approaches tends to involve more laborious analysis of one protein at a time, although characteristics of the protein such as molecular size and isoelectric point may be known. Some of the top-down approaches, such as profiling by SELDI-TOF or MALDI-TOF MS do not provide sequence identification of peaks in an analysis.
The Plasma Proteome Project found that different proteins were detected by different approaches used by 18 different laboratories (3 ) . A total of 9504 proteins were identified by sequencing of at least 1 peptide. Laboratories using 2-dimensional gels as the sole separation procedure after immunodepletion of abundant proteins identified Ͻ200 proteins per specimen, and laboratories applying pure bottom-up approaches found up to ϳ1000 proteins per specimen. Only one laboratory identified more than 1500 proteins, using a combination of immunodepletion and protein fractionation followed by capillary HPLCion trap MS of tryptic peptides. This serves as an illustration of the potential for hybrid approaches that combine the top-down fractionation of intact proteins with subsequent bottom-up analysis of protein-containing fractions. Most of the 9504 protein identifications were based on sequencing of 1 peptide; only 3020 proteins were identified by 2 or more peptides. This set of 3020 was considered to have confirmed identification and serves as the Core Protein Dataset for the HUPO Plasma Proteome Project (3 ).
Dynamic Concentration Range of Proteins in Plasma
The second major challenge of proteomics, beyond the issue of specimen complexity, is the problem of dynamic range. The concentrations of proteins in plasma vary from millimolar for albumin to around femtomolar for low- abundance components (1) (2) (3) . This represents a 10 12 -fold concentration range, far exceeding the dynamic range of most analytical methods, which typically have dynamic ranges on the order of 100-to 10 000-fold. Immunodepletion of abundant protein components or other fractionation techniques offer approaches for trying to deal with the dynamic range problem as well as with the complexity issue. Removal of the most abundant components by immunodepletion or fractionation before analysis by techniques such as 2-dimensional electrophoresis has markedly expanded the number of lower abundance components that can be detected (1-8 ) .
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New Biomarkers
Analysis of large numbers of proteins in a single analysis by proteomic technologies has greatly accelerated the ability to identify new biomarkers for disease processes ranging from cancer to diabetes, stroke, and kidney diseases (4, 5, (11) (12) (13) (14) . Proteomic analysis of postmortem cerebrospinal fluid identified nucleoside diphosphate kinase A and PARK7 as proteins released by brain injury and as potential new biomarkers for stroke (13 ) . New biomarkers also may help identify physiologic disorders, such as the example provided of potential biomarkers of anoxia in sleep apnea (15 ) . Analyses of serum or plasma concentrations of proteins such as myoglobin, creatine kinase MB isoenzyme, and cardiac troponins have played an important role in the diagnosis of myocardial infarction. New tools for protein analysis provide approaches for analyzing different molecular forms of traditional markers as well as identifying additional proteins that may serve as biomarkers for heart disease (16, 17 ) Some potential biomarkers have been determined to be fragments of abundant protein components. A diverse array of protein degradation fragments appear to accumulate in plasma, bound to carrier proteins such as albumin (18 -20 ) . Analysis of the total complement of plasma peptides, what has been termed the plasma fragmentome or peptidome, shows promise as a source of new biomarkers. Accumulation of selected peptides may depend on pathways of proteinase activation that are affected by pathophysiologic processes. Some strategies for analysis of the peptidome rely on initial selection of a specific carrier protein such as albumin and analysis of the peptides bound to that carrier. This contrasts with many proteomic analyses, which have used strategies for selective depletion of albumin to detect lower abundance components. It is now apparent that depletion strategies may remove more than the specific intended component.
Proteomic and peptidomic approaches clearly appear to have a valuable role in marker discovery, but it is not yet clear whether these approaches will be used as the platforms for analysis in the clinical laboratory. Standardizing these methods and establishing consistent performance between different laboratories have presented a challenge (21 ) . Implementation of these methods still has not achieved the usual standards of practice for clinical laboratory methods (22 ) . Standardization and thorough understanding of preanalytical factors, including patient preparation and specimen collection and processing techniques, clearly are important factors in discovery efforts and potential clinical applications of tests (3, 22 ) . Many specimen collection variables have been examined, but no consensus has been reached about the optimal specimen type. The Specimens Committee of the Plasma Proteome Project concluded that platelet-depleted plasma is preferable because of greater stability, but this is partly counterbalanced by the greater availability of serum specimens in specimen banks for discovery efforts (3, 23 ) . Specimen storage in liquid nitrogen or at Ϫ80°C is recommended (3 ).
From Research to Clinical Application
Basic research is identifying new biomarkers, and there are initiatives to support multicenter validation of new biomarkers. However, the process of translation to clinical laboratory use has been complex, and, to date, few new biomarkers have progressed to clinical laboratory use (1 ) . This delay may reflect the many steps in the translation of a newly identified biomarker into a useful clinical laboratory test. Analogous to drug development, discovery may be one of the quickest and easiest steps in the test development process. Validation of markers is a challenging process requiring multisite clinical studies (12, 21 ) .
Currently, the pipeline for translation of new biomarkers into tests appears to have a bottleneck at the early stages of translation of research markers into clinical tests. Research groups performing discovery and clinical studies rarely have the resources to develop prototype analyzers or test reagent sets, to manufacture them, or to proceed with other steps in commercialization. These steps usually rely on the in vitro diagnostics industry, which has had relatively low investment in the development of new markers. After development of tests, there is a need for evaluation in clinical laboratories, submission for approval by the US Food and Drug Administration (24 ) , establishment of reimbursement rates by the Medicare system and insurers, and education of physicians about test ordering and interpretation. Testing in the clinical environment requires extensive standardization and development of detailed quality assurance processes (22, 25 ) . The process of translating new markers into clinical laboratory tests entails contributions from multiple disciplines, including scientists; engineers; business, legal, and regulatory professionals; clinicians; and clinical laboratorians. Clinical chemistry professionals can provide important contributions to many of the steps in translation of new markers into clinical laboratory tests. The large number of well-validated quantitative tests for individual proteins that are currently provided by clinical laboratories also may have a role in helping to standardize proteomic analyses (26 ) or to provide information that should be integrated with the proteomic analysis.
Targeted Proteomics and Qualitative Variation and Proteins
A more immediate impact of proteomics on the clinical laboratory than the pipeline of new products from proteomic discovery efforts may be applications of MS to examine qualitative variations of proteins. Some examples that are already in clinical laboratory use include analysis of genetic variants of the protein transthyretin and detection of carbohydrate-deficient transferrin (27, 28 ) . These might be considered applications of targeted proteomics, i.e., analysis of structural changes in specific proteins. Antibody capture serves as a means to enrich target proteins for subsequent analysis by MS (16, (27) (28) (29) . The increased ability to identify structural variations of specific proteins may lead to development of a greater range of tests that analyze qualitative changes in proteins. Another development that is expected to arise in part from proteomic investigations is increased availability of multiplex immunoassays. These have already appeared in various forms in the clinical laboratory as limited panels, and rapid growth is occurring in the research applications of multiplex assays. Multiplex assays are likely to pose many new challenges for quality assurance and assay validation that are not seen with traditional laboratory testing of one component at a time (25 ) . 
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